Introduction 6 9
Campylobacter jejuni is a Gram-negative helical or rod shaped bacteria that is a 7 0 common cause of gastroenteritis. C. jejuni is one of the leading recognized 7 1 bacterial causes of food-borne illnesses in the U.S. and worldwide [1, 2] . 1 0 0 constitutes a major reservoir for human infections [16] . It is relatively fragile, and 1 0 1 sensitive to environmental and oxidative stresses, as well as common 1 0 2 disinfectants [17] . The organism requires 3 to 5% oxygen and increased (2 to 1 0 3 10%) carbon dioxide for optimal growth conditions. Prior to 1972, when methods 1 0 4
were developed for its isolation from feces, it was believed to be primarily an bacterium is now recognized as an important enteric pathogen [4, 19] . Campylobacter continues to be a leading recognized bacterial cause of diarrhea While piglet, ferret, chick and even moth larvae have been studied as models, 1 1 1 [22] [23] [24] [25] [26] ; small animal models, such as mice, of C. jejuni have required genetic after intraperitoneal injection of 10 9 C. jejuni [30] [31] [32] . In this current study, we infections. Moreover, we demonstrate that, in addition to antibiotic disruption of 1 2 2 resident microbiota, whether the mouse is fed a standard, zinc deficient, or 1 2 3 protein deficient diet, has direct impact on the amount of colonization, shedding 1 2 4 of organism in stool, inflammatory biomarkers, and intestinal architecture, as well 1 2 5
as clinical outcomes that mimic human disease, including growth failure or overt, 1 2 6 often bloody and inflammatory diarrhea. Non-antibiotic treated C57BL/6 mice fed a standard house chow (HC) diet grew 1 3 1 slightly better than antibiotic treated mice and showed similar weight loss 1 3 2
following Campylobacter infection ( Fig 1A) . Both infected groups recovered 1 3 3 weight quickly, 3 days post infection. However, there was a striking increase in Campylobacter shed in stool in antibiotic pretreated animals ( Fig 1B) . We were 1 3 5 able to re-isolate and confirm the viable C. jejuni strain from feces of infected 1 3 6 animals to confirm qPCR results (Supplemental Fig 1) . Diarrhea was observed 1 3 7 8 only in antibiotic pretreated infected animals. Additionally, the fecal biomarker pretreated Campylobacter infected group ( Fig 1C) . antibiotic-pretreated mice. Mice (n = 8 / group) were infected with 10 7 C. jejuni on 1 4 7 day 14 following feeding of specific diet and antibiotic disruption of resident 1 4 8 microbiota as described in methods. As shown in Fig 2A, infected mice fed a 1 4 9 protein source diet without zinc (dZD) diet had significantly greater weight loss 1 5 0 than infected mice receiving the HC diet or a diet deficient in protein (dPD). While dZD diet were colonized with C. jejuni for the duration of the experiment as measured by shedding of organism in stool ( Fig 2B) . Similar to HC-fed mice, subsequent damage to the intestinal epithelium. Although further work is 4 0 0 necessary to establish causality. The lack of persistent changes in microbiota 4 0 1 composition in dZD-fed mice make any signature difficult to resolve. infection have little overlap with those from dZD-fed mice. This implies that the 4 0 8 effect of infection on the microbiota is diet-dependent, which could be due to the investigation. Studies are currently underway to address these possible effects of Campylobacter challenge in our model. In contrast, with either standard or 4 7 8 protein deficient diets (instead of zinc deficiency), we see modest enteropathy In conclusion, these models now enable more rapid and clinically relevant alone. Mice were maintained on specific diet and untreated filtered drinking water 5 1 9 following infection.
2 0
Each experiment used N=8 mice per experimental group and mice were 5 2 1 euthanized at either day 3 or day 14 post infection. We have previously published 5 2 2 that we obtain both serum and tissue zinc deficiency following 14 days on dZD intestines, cecal contents and stool were flash frozen in liquid nitrogen and stored Tris, pH 7.5, 150 mM NaCl, 1% Nonidet P-40, 0.5% sodium deoxycholate, 1 mM EDTA, 0.1% SDS) containing protease inhibitors cocktail (Roche) and 5 2 9 phosphatase inhibitors (1 mM sodium orthovanadate, 5 mM sodium fluoride, 1 5 3 0 mM microcystin LR, and 5 mM beta-glycerophosphate). Tissue lysates were the QIAamp DNA stool mini kit (Qiagen) as previously described [56] . For >90% with reliable detection from 10 2 -10 10 cfu as determined with a standard 5 5 5
curve verified by plate counts.
6
Intestinal morphometry and mucus staining. Ileal segments were fixed in 4% 5 5 7
paraformaldehyde, embedded in paraffin, and stained with hematoxylin-eosin or 5 5 8
PAS at the University of Virginia Histology Core. (Invitrogen) and presented as pg/mg protein. analysis where applicable. Differences were considered significant at P < 0.05.
6 7
Data are represented as means ± standard errors of the mean. with saturation of the water resonance, using a standard pulse sequence. For 5 7 7 each sample, 4 dummy scans were followed by 64 scans collected in 64K time to TSP (δ -0.5 -0.5), water (δ 4.5 -4.8) and urea (δ 5.6 -6.1), were removed.
8 4
The resulting spectra were then normalized to unit area. Multivariate statistical 5 8 5
modeling was performed using in-house scripts, In MATLAB (R2016a). This data mean centering. OPLS-DA models were built to facilitate data interpretation. membership (e.g., uninfected zinc deficient mice and Campylobacter infected 5 9 1 zinc deficient mice) was used as the response variable. The predictive 5 9 2 performance (Q 2 Y) of the models was calculated with the use of a 7-fod cross-
validation method, and model validity was defined upon permutation testing 5 9 4
(1000 permutations). Significant metabolites were identified and extracted from 5 9 5
valid pair-wise OPLS-DA models and summarized in heat maps. version of the specific protol used is provided in the supplemental text. Briefly, 5 9 9
the V4 region of the 16S rRNA gene was amplified and sequenced using the with a corresponding abundance and consensus quality profile. were used for all downstream analyses. Alpha diversity metrics were calculated 6 2 7
using the plot_richness function in phyloseq. A three-way ANOVA was used to The same procedure was used to compare evenness across sample groups. uninfected mice within each diet. Prior to differential abundance testing, ASVs 6 3 7
with fewer than 10 counts in any sample or fewer than 20 counts across the i  n  f  e  c  t  i  o  n  a  n  d  p  r  o  t  e  i  n  m  a  l  n  u  t  r  i  t  i  o  n  i  n  d  e  p  e  n  d  e  n  t  o  f  m  i  c  r  o  b  i  o  m  e  e  f  f  e  c  t  s  .  J  I  n  f  e  c  t  D  i  s  .  7  8  9   2  0  1  7  .  E  p  u  b  2  0  1  7  /  0  5  /  1  9  .  d  o  i  :  1  0  .  1  0  9  3  /  i  n  f  d  i  s  /  j  i  x  2  3  4  .  P  u  b  M  e  d  P  M  I  D  :  2  8  5  2  0  8  9  9  .  7  9  0   3  5  .  M  a  y  n  e  r  i  s  -P  e  r  x  a  c  h  s  J  ,  B  o  l  i  c  k  D  T  ,  L  e  n  g  J  ,  M  e  d  l  o  c  k  G  L  ,  K  o  l  l  i  n  g  G  L  ,  P  a  p  i  n  J  A  ,  e  t  a  l  .  7  9  1   P  r  o  t  e  i  n  -a  n  d  z  i  n  c  -d  e  f  i  c  i  e  n  t  d  i  e  t  s  m  o  d  u  l  a  t  e  t  h  e  m  u  r  i  n  e  m  i  c  r  o  b  i  o  m  e  a  n  d  m  e  t  a  b  o  l  i  c  7  9 I  A  I  .  0  0  7  0  5  -1  6  .  P  u  b  M  e  d  P  M  I  D  :  2  7  7  3  6  7  8  3  ;  P  u  b  M  e  d  C  e  n  t  r  a  l  P  M  C  I  D  :  8  7  9   P  M  C  P  M  C  5  1  1  6  7  3  0  .  8  8  0   5  7  .  L  i  u  J  ,  G  r  a  t  z  J  ,  A  m  o  u  r  C  ,  K  i  b  i  k  i  G  ,  B  e  c  k  e  r  S  ,  J  a  n  a  k  i  L  ,  e  t  a  l  .  A  l  a  b  o  r  a  t  o  r  y  -8  8  1   d  e  v  e  l  o  p  e  d  T  aM  a  n  A  r  r  a  y  C  a  r  d  f  o  r  s  i  m  u  l  t  a  n  e  o  u  s  d  e  t  e  c  t  i  o  n  o  f  1  9  e  n  t  e 
